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(54) METHOD FOR MANUFACTURING ELECTRONIC DEVICE WITH PIEZOELECTRIC MATERIAL LAYER 
DEPOSITED ON METALLIC LAYER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method for a 
piezoelectric film used for a resonator device. 

SOLUTION: In the method of this invention, a texture of a piezoelectric film 
1 20 is directly affected by the surface condition of an electrode layer 1 35 
thereunder and the surface condition of the electrode layer 135 is affected 
by the surface condition of an oxide layer or plug stack 1 25 under the 
electrode layer 1 35. Thus, the method of this invention is for manufacturing 
a device including the piezoelectric film and is characterized in that the 
method includes a step where the surface roughness and the deposition of 
the electrode are controlled. 
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imxmi] (a) mm. u 1 o> ±\z^u<thi 
-zxD&mm (135) zmntzx^yzft. 
(b) mift&mm (135) ©±fcex\z«^tj»ji 
(120) *mm-tz>7sy-y7t*mi>. 

(C) ME&MJf (13 5) ©^SffiSSrSffi-T-SX 
[»#« 2 ] (12 5) g« (110) 

texi/WFtmji (120) ©ngicitasnsz-tsr 
1 E«©#ft. 

[ffi*«3] ifflE&JS/f (13 5) fflSISSH. 1 5 
A^TRM S S^^tf 3s»*K l jH«©^ 
ft. 

[|&#S4] ffiffB (C) ©X^-^yH. (1 3 

5) l;^nny*>^- ^©#fii^:*s$:g/Mc-r-5 

[w&bs] me (o xf7^(t &mm (135) 
<D3tm*mm-rz z\t*&wifrzm#m 1 e«©;& 
ft. 

[3**6] (C) Xry?^ c-T i©&KJl 

[tt#«7] MIS (C) O^fy^tt, TiNSr-g-W-13- 
r, c - T i iA 1 ©^JSfSilLTittt^^ 

WRfr*»*a 1 E«s©#ft. 
cis**8] me&kji (135) «e»scD±fc*i 

ME (C) ®7f»^lt «6itiJl©Sl®&££«/M;;T 
5 C t £*$&<!:T31i#« 1 E«©#ft. 

♦M»fr*»*51 1 E*©>*ft. 
[if#«l 0] tMBfcrx»/*?*mjI (12 0) tt, A 
1 N£^t?;i<h£#®£TSft#3Ufam©;*ft. 

[if*^i 1] mm&mm (135) 

1 - 1 0 0Q/xt?x.T(Dmm<D&mzttT2>zt& 

ft&trzmxm 1 E«©#ft. 

[»*«i 2] ME&js/i (135) a 1 s^rr 
•5 it s#at-rsai*« 1 E«©2?ft. 

[|f**l 3] ME&^» (1 3 5) tt, c -T i /A 

ft. 

[S#ai4] fflie^iii^ n>y^>^*— y<n^m 
-r^w** 1 E«©*ft. 

ts*ai 5] MEifxya^wtt, Dy#>^- 
7©¥«£<g*t3. 5- KTtssi^iasn^rt 
1 E«©*ft„ 
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6] (a) sigdio) ±\zmm2tit£ 

7yifX?v? (12 5) ©±fc4>fc<£t> l-3©&j|S 

» (13 5) «at5XT7^ 

ME&JS/lte, D>;/*>^;*j -:/©¥«£*§# 4. 5° 

(B) ME&SB (13 5) ©ifrfcfxVll^FWH 
(12 0) ZtZmtZXTyZfizZmL. 
cni:J;r)ifx>/ifWS (12 0) 0T*7fto 
n\y*> : y#-:/©¥fii£'litt3. 5" filTiJSiSut 

10 *^fr^^sB<D±{ct;x^aTWH^tiia$n 

[ffit#*i 7] (A) (110) ifc^^x* 

•V* (12 5) S*t«-r«.X^-y7't, 

(B) tJE^i'X^"^ (12 5) ©±SB^ffi£#F 

(C) ME^^X^y^ (12 5) ©itc^X^ 
t-H^KI (13 5) S««t5Xf-vyt«Ef+ 
Xft-F^HO*Efi§H 15A (RMS) STF 

20 (d) &inm&Mf8.?z>tiit)izmm7 u *7.^Y— h 

(E) XA-y^U^KcfcOMEmffi (13 5) ©± 
ttX'/tfSfil (12 0) £HM*-f-5X5r>y7£:> 

MEexym^tm©^-^^^ ^fs^fflg^f 

(F) 1211 (13 0) Sr^-r^>fcJ6tCMEtfX 

(12 0) ©±(C^JgSr*ta-r-5X^^^" 
30 ti:t*»«fr*ft«»5 f / , C-f^o«J6*jS. 

[Stsfc^l 8] ME&SJl©*ffi&£tt:, IJIE^SIO 
P^ + >^*-y©^M^:i|@^0. 2#"E> 1 1° ©tgffl 

c*ftct««tin»3iai 7E«©^ft. 

Ctt**l 9] ME^7^X^-y^©±gB*H«Sf*3 
n, *-©SSm«¥i3x£t©^Hfi;*tt, 3Aj^TTa&-5 

[lit*® 2 0] ff*«l©^fttCJ;0Mig$nfct!xV 

40 [0 0 0 1] 

\f.^/W.=f-y 4 (Jf) £-&tf«^xA*-fX£Sijg-r 

■rs^ftdM-rs. 

[0 0 0 2] 

[SE*©8ffi] affl->X^Att, tK^fcxAWX («. 

7y)^, 5*u— . jmhs. mmmmrn a 

«'>X^Att7'f-¥U'X»J>^ty'fXh^7, 3t7 7 
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a. pes, ism?) Tmmznzkoizfcz. ->;*. 

[0 0 0 3] (Bulk Acoustic Wave;BAW) 

my-ovj* 'tta a i N7*;wo £^£f„ « 

EE££©J;3&it£#lcaHt££Hxy«T*mte> * 

(«. a>k/u7^m mmmmy-ovi?) ) ©c 
so, gfevrzHtiLfStm^ (ssnggnnsft 

[0004] iis, tfxy*-?#«gg©#jgj3afc»©tt 

&«u *<z>ttit>tfx.>jn : mnmtf&mm (7 o om 
HzH±) -e»jf^-r^fc«e)rc«tfx\/«^7^;pA«, 

5 0 0 nm*6 1 0 um<DWZ<D7 J )\sl±\Z\s1Z»m£ 

tzztz^. tfxym^*ffisg©tt*Btttfx>/«^7^;w 

oSfy-f*-JP (atomic dipole) ©$?£L^&&#> 
S5g£-T-5. »£L<^:7^;i/A©7J|6jte©0iM> 

i2UfcAiN©<oo2>rab5. trxvm^m 

er et al. *© rp u lse DC Reactive Sputtering Method 
for Fabricating Piezoelectic Resonatorsj tiiSB 1 

9 9 8^9 ^ ib) fcHassttT^s. nma>&f?mm 

[0 0 0 5] 

[fe93*s«¥&b«fc-5i:-r5g|g] aftv-X^AW^SK: 

if7^ )WA©,S«£5fc§T3$rfc&75i££iltt-f 5 n 
[0 0 0 6] 

*s*ti«-r-5. *%w<Dijmte. tfxv«^7^jPA 
(tx^/m^ig§grt-cffiffl$ns) ©^*x^r 
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(texture) tt, *©T©&JB» («, «ffi) ©3i®Jg 
S8 (JEM*) fc<kDiti&£#£§tt-5. ^T2MS93©£ 
X «/ 9rF 7 4 )V A £ * «T STA'-fXS ©jfi-T -5 75 

EPS, i»:»t5*It3*tfiTt5ttl 1 /i?7 

nv*>if * — (FWHM) #4. 5° K 

T£ft5J;5&&RJi£ii«U *-Lx;i©&JSS©-b 
tr«tDOy^>^-^'©^fii^1i (FWHM) ©# 
10 3. 5° &Tift£cfc5&lfxy«^Sai£j&$ft3. 
[0 0 0 7] 

[%W<DnM<DM®] 01H #S§3H©75S:£/IH>TJ§5 
^Lfc$S*HSg©^ETfeS. *lg§gl 0 011 £ 
«1 1 0£fcfx\/*ftmiil 2 0£, ^©SSllO 
£fcfxy«^$mjll 2 0©raic^$n;t, mfcf:/ 
^KSt«*©«fc-5fc#»KI#«!#l 2 5t W5„ 
*»K»««12-5<0«toDK3S«Ji (H«*r> 
^Tfcfxym^imBl 2 O^ltl 1 0©±75fC#«f 
UTfc&H. JftSB^ffil 3 5£±^mffil 3 0H tfX 

20 vfiramji i 2 o zmA,-?KMmm±\zmnii!nz>. 
[0008] v^/n'T&nm i2ottAi N&-g-*rr 

^*m©1WB*^*tt©ttW&**mTrt>J:tr». a 
KXVflt^imM:. #J;Lk£ZnO, LiNbOj© 
i3*t75-yi'«fi ( LITaOs, Te0 2 , PZT 
-SAT*5. S«ttjl#v-U=l>ia-CS^*^ *JI, 
-9-7 7, #Ui/ij3>, TXPy;k R^T^S 

(Ai,o a ) ©i-5a«o*r»T»riET*cit*)ia* 

•5. 

30 [0 0 0 9] fffe7a:t!xy®T7w;i/A^# 

#tifx\/«^:7^;PA©ffrfm, eii/tf7<f^ 
ftttMte n*«ffi&S©JgS8£&frf 5 Z. t \z <fc D 

^JVA (#K A IN) ©figfi«, XfcT^^i/^^TH^: 
< (BP-5, A1NIH IWISft^fS^^ttn- 
^-Y^-Mx*^eiSS-r2)©1?«^<) , «ffiSB5© 

Ctt7J|6]<h trxy«^7^ ;l-A©P y 
-7lZ&WZB.liTZ.£&jLmvrc. 

40 [ooio] fflitTfflt^nsfflg r^+x^-^j 

£tt, ^^i7^;PA©*a^©i^S7Jl6]©SE-&ttSit* 
Mcky-^T,^^- (maximum texture) t\t, J^ft75 
[fi] (l^*fb) ^e,©tt^ofcASTm-7J[S]Srtp^i:b 
fctt^©»^tt (75(6)14) tt-fZU )V&*M<*-t 

wmzmmr^ afflwic«ja^«m-7ji6i(ctp^^ 

©) ©ttSEtt, 7-OUA75i##-r?.IS^P©^S75|S]tc:fe 

50 w-rz. b*»bant» iia^^'DtTSTj^ii, 
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7a y K£ng*itS£©¥#©«}9T 
tSttSfl FWHM) d^^Jl/A^X^V 

©#*f{4, ^^Jl/A^+X^i'W^U^ in 

S^Jftel 1° ^TC0FWHMOD^4 i >^*-y, 
L/TSf (S3 . 5° MtC»$U<tt2. 5° 

FWHM©Py + >^-^ti^T«)S$tl5. 

[ooii] *3B«tt» «ffi©ffl^£ift«*iafrr*£ 
tcmtfbTVifc. *»^ic«tn«. MraM&sas* 

-Septet- («, tt«7"ntX, «W*W4*m 

ffi©^®»£teo. 1*^6 1 o o a-c&d, 

&T21*:Z> d t;&tf«&SM©RM S ©M£<£T£-B--2> 
JltKl«kDJtJ«"Tr**^i:ftJiHib&. CMP 

* * ?<? 97*9 &mmnm \zm lt 
tt«to^»^Ma$*^Tsrtictt5. man© 
*Ht^ aaffix * 9 &&ts<&m &mw.-rz> dtti 

tti3 5ttAi * wja i jj«*joan^ 

h (.V>)m&)75v9X-tU99) 3 L 9>Al 
(c-Ti/Al) £m>fc&JR®«»#-e&S. 
©«Jf c-Tl/Ti N/A 1 SWLfcffifiK 

©-hKuwnsnsA i »«ci©*®asf4, &m&ixji 

c - T i /A 1 iCDttfflfcMATv'— hfiiSa»*$Hft<. 

i.t3jisiBa**«-H)'/ha^«o*jB*_h«Mi 3 o, 

feBB«ffil 3 5 il/Tffil<^it*itB*5. 0. 0 1*> 
?.10 0t-A/7v?I7 (Q/d) ©|BB©->-hJg 

in.&tr?z>&m\z+ft&<. kcifs l< fits'— h&tt 
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*^lQ/OHTT»5. 0. 1 0 0 A©fSBco 

&S&3£CT3&Bfitt-£H£V>«C!>T&Q. HfcjfSc 

[ooi3] m2iz&®nmi 3 sftoy^t-hufc? 

^>iAl (c-Ti/Al) ttfl'/ifW@12 
0*<A 1 N£^tfJ;5;£#i6gg©A 1 n>y=^>y^-^ 

tA 1 Nny*y9j}-7<Dm&zm-r977-c$>z>. 
mmfr*>mz>&o\z. a 1 Nf*xf + (trxyfmt 

**JIl 2 0) ®±©A 1 ^X^-V («ffil 3 5) ©it 
< LT. A 1 5^X3^fit#SS§©i|iS^|Sc (ffi/ifn 

«•») »cigs*s«-r. a>< bx«s (Aiiic-T 

if) (4, I'hOfIii©n7 + >^-7'$ft5 

HfctoTfit. #II§§©T:/a-?tc#T£W&&7^ 
X^fifc, FWHM^O . 2° *6 9" ©«SH©Nf<C^ 
J5S$n. -€-LT— *Wfc#3tL.lr»#— 7fii, FWHM^S 
4. 5° J^T©t^t?a&-S. A 1 JlfCfcfLTte, £©7 
7U^— 5'3>fc&oTtfJ»&y-*X3 t ir»4. FWHM 

20 #0. 2° js^ir ©fBHoimciij&sn, -aswtc 

<ffSb^n^^>y*— :/©FWHMKJ:4 0 etTT» 

ex\/eT*mcD«j(£f4, 0. 2° ^si i<c©$e 

i©FWHM©D7*>^-7*tfet)TMSn, -?■ 
LTffi^<if*bVifi^n-y^>^-^'a > FWHM*S 
2. 5° m@©n -y ^>7#— ^fiHi- 

[0 0 14] *^WtCi5^T(4. ^ (root mea 

n square RMS) ififr£\,mm*. *f«L-yfc&exV 
30 ifU^I 12 0 £#J;U4{t^«gt£WS£fT t>f3i^nm 

£©RMS©ffi«, ifP©^ffl 
(ifP©MJ4^ifetJF?t?S:^MS:S-r) ^©MM, BP 
£Mf£#T5j*©WSe2*{ir?<&*. £©RMS©ffi(4 
spi^x^ (mean square) £.W-2}<T>~fk (square of mea 

n) ©M©¥£«-a&8£n5. m>&;tnfif, auts 

nfcffi;*©*5V T^M-r^ffiS©iE«{k$nrc^fil 
T?afe-5. fiFSb^ctfcigft^JR (crystal lographic m 
etal) mz.&c -T i t A 1 ) tt, *-©*r6jTS^ 

40 1 Uonmte. mmomm (substrate normal) \zMV 

w-nfi<i i i>7jfi:*#-r-5. c -3^ >©«««. 

*-7j{i<0 0 2>©7^;PASr^-T-5. *»W^«t 

*&^s^tci4fe#b^^fcJ6tctrxyfi^ (a in) 

©«^^^S±(c, ^JA(4>'Up>©^bfe^iii5^ 
T^S«, CMPffifclfc, c -^^>/T;i/5^^l4ffi 
Olt©OT±T#^n5. yij3X10 0>fflftf 
A?^-^t7;W5<l 1 l><Dfe?n?X-9it. A 
50 1 NK*fb-n4g-&UteH©T, s i ±©A 1 NTfeo 
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A 1 ±(DA 1 NfC»bT®^P<y^>^-^Sr#-5C: 
[0015] MfC*5g^#^tt. «« (01O135) 

®^©^#^n^isfi$«, roe. Mx.\mw& 

mm&l 2 5<D*®J£jglC=fc95J§;*nS;i££JIHJb 
FWHM^l 1° T&S. bfrb. A 1 

izm-<D&fr*mmTz>iiA i n ©^en*:^*;*.^ 

CMPH<b#i«, gSjWfcS^spm (WAH 3 A 
6 0ARMST$5. ^7^^ y ^COKf^S^RM 

[0 0 16] 0 3tttrxi/«?7-<;l/A^3{cllL-fc*tg 

7D-?t-hiT$^. yD»/^la, 2a, 3a, 
4te, #?89i<D-Sli£0iJ£:gb, ^D^lb, 2 b, 
3 b. 4te. ■ffi^HSSM^ST. *^?«©-HiS0iJfcJ: 
SIlXT-^y tfuyi; la) tt, MA«^^^ 
X^^©£3te^«KSJJf &^©±C;?rr£S« GI 30 
#>"JP>©S«) ±l;c-^>©r+Xft-K^ 

%> ^5 9 v f ©s&©ji VT&mmnm<D7- 

a> (Barber application) tiiS#*t£5i$3rr-5) 
«, 7"7^^7^I (s i o.7<r £*§ 

[0 0 17] 3U*-r-snfc^> (c-^5-» *t 

su^o. m-Jifa<o 0 2>tioo 7 *>^-7 

#4. 5° (FWHM) KTW^^^^S^rT-S^-f 
)WA*i#e.nfc. c-T iSWjPjSte, lOOfrSlO 
0 0 A©|ifJ©8SBT&9. HK:$?S:b<«. »30 OA 
T?$.-2>. ^bt^P-feXki, *SiIS!!i^2 5 0t-Z? 
Jftflti&fttf 8-12 A/fTC. HtCffS b < «*«J 1 0 A 

z.amzmmTzzttftii&z. 50 
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[0 0 18] iOftSW&^Of 2XT7^ C/Py 
^2 a) te> c-T iScDi^A 1 ^itSTST.^-yy 

WHMH 4. 5° A 1 IH Cu©«k7 

&i&<D&&fc7zm&'j>m^ts. a i - o . 5 % 
mtfi2 0 ot-c, *6eijS«*i 100 a/#>t, a 1 m<D 

f3li2 0 0*^2 5 0 0AT, iitSS(il 2 0 0A 
A 1 «®(D^31«UttMlt«tt, A 1 NOr 

[0019] mm&mmm&mmi<titz&, 13^x7 

T^i, A 1 NZ^tsmiVn^ttHmi 2 0#£<DA 

^-Mk^nfc^sojtfciia^ns. t:x*/«T;im 

112 011 JlSaP«ffil 3 5WJitCDCK^ttXA^^ 
U >^PirXS:ffl^TXA>7^*ta[^n-5. b^bfifi 

rber application!*, tib^rif* NP>£|si^2c-ti\ 

T^^P-fexSrftjiYb-r^ c: itc^^-cieStbT^-s. 

[0 0 2 0] ^WCD^MSg^A-rxSr^-r^S'KD* 
ffitt. B3©7*Py£ 1 b, 2b, 3b. 4l:^Snt 

Uf7^ (7"D>yi/lb) tt. y^^X^>7^Sr-g-ty 

»«, (0tj. s in) ±^js 

te®^is«it5. *a©;i7^-^li, 

i27f7^ (^P>yi7 2b) «. 
spi^xm©^ t ^ ^. * Ttll©ai*9f«t 7. t- 
y-J&^tS. COIH 3-lOAwlSHT. ±0ffS 

b<«7. 5A£tf-?£*. $io&MMizmm\znmti 

m*. ^D7i'3T/^->ftSn, A 1 Ni*sro/^ 

9-yit^nr^mmmm(D»m\zmm^ti (z/ny? 

4) . ^-COigmS^CDT^^X^^-HA 1 N7^;^ 

»e.n?>„ ■te©i#8i:/p-t7.A'7*-*«. «r*s©Miil 
eret al. *©Hi5:(rlE«$nT^-5. 

m 1 ] ^#*ssgssr^«s. 

[02] A 1 Nf?Xft±©A 1 ri'Xf tC^SS 
m-TTztOiZA 1 SJls««ffi©P y*>i?tl-ZfilA 1 N 
®[Wtfxy«^7-f MOD -7 + >^* — ^CDW&fc* 
t^77. 

[0 3] *^©#ffi©#Xf7^**Ti. 
[^©Itt^] 
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10 0 
110 
12 0 

12 5 
1 3 0 

13 5 

l a ^7? ^7 hy^Sttftlfchtc -T 1 Of 
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1 b Zr?y>?7. bv{7&&?Z>&&±^3rX^ ^~ 

2 a c-T 1/!©±{CA lM©5^*^-K&JgJI 
2 b ««S®£*<g©RMS3;T#Hrr-5>. 

4 a i N&mm?z> m •. s7-«©Dcsf&^ 



mi) 



130 ±astats 




120 tr^a^m^ 




110 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (A) The step which deposits at least one metal layer (135) on a substrate (1 10), (B) It has the step which 
deposits a piezo electronic ingredient layer (120) on said metal layer (135). The texture of said piezo electronic 
ingredient (C) How to manufacture the electron device which the piezo electronic ingredient layer deposited on the 
metal layer characterized by what is determined by the step which controls the surface roughness of said metal layer 
(135). 

[Claim 2] The approach according to claim 1 that a sound reflecting layer (125) is characterized by depositing between a 
substrate (110) and a piezo electronic ingredient layer (120). 

[Claim 3] The surface roughness of said metal layer (135) is an approach according to claim 1 characterized by being 
15Aor less RMS. 

[Claim 4] The step of the above (C) is an approach according to claim 1 characterized by making full width at half 
maximum of the rocking curve to a metal layer (135) into min. 

[Claim 5] The aforementioned (C) step is an approach according to claim 1 characterized by grinding the front face of a 
metal layer (135). 

[Claim 6] The aforementioned (C) step is an approach according to claim 1 characterized by depositing the metal layer 
of c-Ti and depositing the metal layer of aluminum after that. 

[Claim 7] The step of the above (C) is an approach according to claim 1 characterized by not containing TiN, but 
carrying out the laminating of the metal layer of c-Ti and aluminum, and depositing it. 

[Claim 8] Said metal layer (135) is an approach according to claim 1 which deposits on an insulating layer and is 

characterized by the step of the above (C) making surface roughness of an insulating layer min. 

[Claim 9] Said electron device is an approach according to claim 1 characterized by being a resonator. 

[Claim 10] Said piezo electronic ingredient layer (120) is an approach according to claim 1 characterized by including 

A1N. 

[Claim 11] Said metal layer (135) is an approach according to claim 1 characterized by sheet resistance containing the 
metal of one to 100 ohm / square range. 

[Claim 12] Said metal layer (135) is an approach according to claim 1 characterized by containing aluminum. 
[Claim 13] Said metal layer (135) is an approach according to claim 1 characterized by including the laminating type 
layer of c-Ti/aluminum. 

[Claim 14] Said metal layer is an approach according to claim 1 characterized by depositing so that the full width at half 
maximum of a rocking curve may become 4.5 degrees or less. 

[Claim 15] Said piezo electronic ingredient is an approach according to claim 1 characterized by depositing so that the 
full width at half maximum of a rocking curve may become 3.5 degrees or less. 

[Claim 16] (A) The step which deposits at least one metal layer (135) on the BURAGU stack (125) deposited on the 
substrate (110), and said metal layer The full width at half maximum of a rocking curve is 4.5 degrees or less (B). It has 
the step which deposits a piezo electronic ingredient layer (120) on said metal layer (135). Thereby, the full width at 
half maximum of the rocking curve of the texture of a piezo electronic ingredient layer (120) is the approach of 
manufacturing the resonator device which the piezo electronic ingredient layer deposited on the metal layer 
characterized by becoming 3.5 degrees or less. 

[Claim 17] (A) The step which deposits a BURAGU stack (125) on a substrate (110), (B) The step which grinds the up 
front face of said BURAGU stack (125), (C) The surface roughness of the step which deposits a TEKISUCHADO metal 
layer (135) on said BURAGU stack (125), and said TEKISUCHADO metal layer It is below 15A (RMS) (D). The step 
which patternizes said TEKISUCHADO metal layer in order to form the 1st electrode, (E) It has the step which deposits 
a piezo electronic ingredient layer (120) on said electrode (135) by sputtering. The texture of said piezo electronic 
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ingredient It is determined by the value of the full width at half maximum of the rocking curve of TEKISUCH ADO 
metal **** without lattice matching (F). The manufacture approach of the resonator device characterized by the step 
which deposits a metal on said piezo electronic ingredient layer (120) in order to form the 2nd electrode (130), and the 
thing. 

[Claim 18] The surface roughness of said metal layer is an approach according to claim 17 characterized by the full 

width at half maximum of the rocking curve of said metal layer being in the range of 0.2 to 1 1 degrees. 

[Claim 19] It is the approach according to claim 14 which the up front face of said BURAGU stack is ground, and is 

characterized by as a result the surface roughness of a root mean square being 3A or less. 

[Claim 20] The resonator device which has the piezo electronic layer manufactured by the approach of claim 1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of manufacturing especially a sound resonator and a 
semiconductor device about the approach of manufacturing the electron device containing a piezo electronic film 
(layer), on a metal electrode. 
[0002] 

[Description of the Prior Art] Communication system contains various devices (an example, a filter, a mixer, amplifier, 
integrated circuit, etc.). Communication system is useful although the information (voice, video, data) relayed to the 
wireless link by the means of a twisted pair, an optical fiber, etc. is transmitted. If wireless communication system 
progresses further, a signal will come to be transmitted on high frequencies (for example, PCS, ISM, etc.). If a system is 
developed according to the demand of a market, the need over improvement/miniaturization of the engine performance 
will increase more nearly further. The improvement in a degree of integration and the miniaturization of a configuration 
component are called for according to the force of a market. 

[0003] A resonator like a bulk acoustic wave (Bulk Acoustic Wave;BAW) resonator serves as an important component 
to manufacture of the semiconductor device with which a passband filter or others was related. A BAW resonator is a 
piezo electronic resonator and contains the piezo electronic ingredient film (for example, crystal A1N film) deposited 
between at least two electrodes. If an electrical potential difference is applied to such the structure, a piezo electronic 
ingredient will vibrate by the oscillation mode which is a certain frequency. The piezo electronic resonator is effective 
in that (an example, band pass filter (band-pass filter)) which distinguishes between the signals based on a frequency 
diver city, and the stable signalling frequency (frequency stabilization feedback component in an oscillator circuit) is 
offered. 

[0004] Usually, it depends for the engine performance of the resonance frequency of a piezo electronic resonator on the 
presentation of a piezo electronic ingredient, thickness, and directivity. In order, as for the resonance frequency of a 
piezo electronic ingredient, for a piezo electronic resonator to usually operate by the RF (700MHz or more) in inverse 
proportion to the thickness therefore, a piezo electronic film must be used as a film with a thickness of 10 micrometers 
from 500nm. It depends for the engine performance of a piezo electronic resonator on the crystal orientation of the atom 
containing a piezo electronic film. Distortion (namely, stress wave emission) which answered the impressed electrical 
potential difference (namely, electric field), and was guided in the piezo electronic film is generated from desirable 
adjustment of the atomic dipole in a piezo electronic film (atomic dipole). The example of the desirable directivity of a 
film is <002> of A1N which intersected perpendicularly with the substrate. The approach of pulse DC sputtering which 
deposits the film of a piezo electronic ingredient (for example, nitriding aluminum) is indicated by United States patent 
application ("Pulse DC Reactive Sputtering Method for Fabricating Piezoelectic Resonators" filing-date-of-application 
September 1, 1998 of artificer Miller et al. work). In patent application shown above, the quality of a piezo electronic 
film improves that it is also with the technique used for depositing the film itself. 
[0005] 

[Problem(s) to be Solved by the Invention] In the field of communication system, the new method of raising system 
performance and a degree of integration is continuing groping. The purpose of this invention is offering the new method 
of improving the quality of a piezo electronic film. 
[0006] 

[Means for Solving the Problem] This invention offers the approach of improving the piezo electronic film used with an 
electron device, especially a resonator. TEKISUCHAA (texture) of a piezo electronic film (used within a piezo 
electronic resonator) is direct influenced by the approach of this invention according to the surface type voice 
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(configuration) of the metal layer under it (an example, electrode). Therefore, the method of manufacturing the device 
which has the piezo electronic film and electrode of this invention includes controlling deposition and surface roughness 
of a metal layer. That is, a fall of the surface roughness to an electrode improves the quality of a piezo electronic film. A 
piezo electronic layer from which a metal layer from which the full width at half maximum (FWHM) of a rocking curve 
becomes 4.5 degrees or less for reducing surface roughness is deposited, and that [ full-width-at-half-maximum 
(FWHM) ] of a rocking curve becomes 3.5 degrees or less by this metal layer top is generated. 
[0007] 

[Embodiment of the Invention] Drawing 1 is the perspective view of the sound resonator formed using the approach of 
this invention. The resonator 100 was formed between the substrate 1 10, the piezo electronic ingredient layer 120, and 
this substrate 1 10 and the piezo electronic ingredient layer 120, for example, has an auditory reflex field 125 like a 
BURAGU reflective field. An air space (not shown) may be used instead of the auditory reflex field 125, and the piezo 
electronic ingredient layer 120 may be held above a substrate 110. The pars-basilaris-ossis-occipitalis electrode 135 and 
the up electrode 130 are deposited on an opposite front face on both sides of the piezo electronic ingredient layer 120. 
[0008] although the piezo electronic ingredient layer 120 contains A1N - the application of a specific resonator - what 
kind of ingredient of the others which have the function of enough piezo electronic ingredients is sufficient. Usually, 
piezo electronic ingredients are a ceramic ingredient like ZnO and LiNb03, LITa03 and Te02, and PZT-SA. Although 
a substrate is usually a product made from silicon, it can also be formed with other ingredients like Xtal, sapphire, polish 
recon, aerogel, and oxidation aluminum (aluminum 203). 

[0009] This invention relates to the approach of obtaining a new piezo electronic film. The artificer etc. found out that 
actuation of a resonator device, especially actuation of a piezo electronic film improved by operating the gestalt of the 
electrode surface which a piezo electronic film deposits, furthermore, the artificer's growth of a piezo electronic film (an 
example, A1N) was not epitaxial (namely, an A1N layer an electrode material and lattice matching ~ or - while 
coordinating - not growing up), and the gestalt of an electrode surface found out affecting the rocking curve of C shaft 
orientations and a piezo electronic film. 

[0010] The vocabulary "texture" used on these specifications means the adjustment of the crystal orientation of the 
particle of a poly crystal film, and the maximum texture (maximum texture) means the film which has the adjustment 
(directivity) of the particle centering on single direction at the include angle measured from growth (receiving). In this 
way, a rocking curve can define the texture and quality (function) of a piezo electronic layer. If it explains concretely, 
the core will have turned [ particle ] to single direction ideally, and it will depend for the engine performance of a piezo 
electronic film (inside of a piezo electronic resonator) on the crystal orientation of the atom which a film contains. 
However, the central direction [ particle ] is usually carrying out Gaussian distribution. When distribution is small, a 
film will approach the maximum texture. Distribution of the direction of a particle is plotted in order to specify a peak, 
and it reflects the value as which the width of face (full width at half maximum; FWHM) in the location of the one half 
of the maximum height specifies the quality of film texture. The number of a "rocking curve" is the number of merits of 
film texture. That is, a rocking curve also becomes small, so that there is little distribution, and a film will approach the 
maximum texture, a piezo electronic layer ~ the rocking curve of FWHM 1 1 degrees or less - and preferably, still more 
preferably, 3.5 degrees or less are formed as it is also at the rocking curve of 2.5-degreeFWHM. 
[001 1] This invention attains the maximum texture of a piezo electronic film by operating a presentation and deposition 
of an electrode, and is based on recognition of the artificer who says can attain the optimal actuation of a resonator. On 
the other hand, the conventional method of improving the texture and the engine performance of a piezo electronic film 
was concentrated on the option and presentation which deposit the piezo electronic film itself. According to this 
invention, it is made for surface roughness to become small (an example, a deposition process, polish, or selection of an 
ingredient), and, as for an electrode, as a result, a piezo electronic film and quality with a low rocking curve have been 
improved. Preferably, the surface roughness of an electrode is 0.1 to 100A, and is 15 ARMS still more preferably, this 
invention person etc. found out that the surface roughness of an electrode could be attained by making full width at half 
maximum of a rocking curve into min. When the rocking curve to an electrode is made low, the surface roughness of an 
electrode surface will fall. Furthermore, the surface roughness of an electrode found out that it could attain by reducing 
the value of RMS of reducing the rocking curve of reducing the oxide value of the insulating layer under it, or a 
BURAGU stack layer, for example, a BURAGU stack, and an electrode, and an electrode surface again. For example, 
the oxide BURAGU stack ground by CMP will generate better surface roughness to a metal electrode rather than an 
oxide [ having deposited ] BURAGU stack. It can be improved by the surface roughness of an electrode layer by 
choosing the metal containing an electrode stack. 

[0012] By this invention, an electrode, especially the pars-basilaris-ossis-occipitalis electrode 135 contain aluminum at a 
desirable thing, or it is a metal layered product using the collimation (physical flux selector) titanium aluminum (c- 
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Ti/aluminum) with which aluminum was added. The conventional laminating mold electrode was contained as a 
presentation which made c-Ti/TiN/aluminum selection. The surface roughness of aluminum tabulation side where a 
piezo electronic layer deposits this invention person etc. on it found out that it was improvable more than twice [ at 
least ] by removing a TiN layer from a metal layered product. Furthermore, in addition to use of aluminum and/or c- 
Ti/aluminum, surface roughness can use other sufficiently small metals as the up electrode 130 and a pars-basilaris- 
ossis-occipitalis electrode 135 sufficiently low [ sheet resistance ] again. The metal which has the sheet resistance of the 
range of 0.01 to 100 ohms / square (omega/**) is sufficiently low still more desirable, and sheet resistance is below 
about lohm / **. The metal which has the surface roughness of the range of 0.1 to 100 A is sufficiently low, and its 
surface roughness 15A or less is still more preferably desirable. 

[0013] Drawing 2 is a graph showing the relation between the titanium and aluminum (c-Ti/aluminum) which the pars- 
basilaris-ossis-occipitalis electrode 135 collimated, aluminum rocking curve of a resonator with which the piezo 
electronic ingredient layer 120 contains A1N, and an A1N rocking curve. As this drawing shows, it turns out that it has 
the direct influence of aluminum texture (electrode 135) on A1N texture (piezo electronic ingredient layer 120) (it is 
nonlinear). In this way, aluminum texture affects the coupling coefficient (a pole / zero separation) of a resonator. An 
electrode (aluminum layer and c-Ti layer) is formed in this way by texture which has the rocking curve of the minimum 
full width at half maximum. For collimated Ti layer, as for the useful texture to the approach of a resonator, FWHM is 
attained at the time of the range of 0.2 to 9 degrees, and, generally a desirable curve is a time of FWHM being 4.5 
degrees or less. To aluminum layer, as for the effective texture for this application, FWHM is attained at the time of the 
range of 0.2 to 1 1 degrees, and, generally FWHM of a desirable rocking curve is 4 degrees or less. It is formed from 0.2 
degrees that the field of a piezo electronic ingredient is also at the rocking curve of FWHM of the range of 1 1 degrees 
C, and FWHM of a usually desirable low rocking curve is 2.5 degrees or less. When the rocking curve of an electrode 
was low, the surface roughness of an electrode also became small, and it was found out that the quality of a piezo 
electronic layer is also improved by this. 

[0014] In this invention, the gestalt with a small root mean square (root mean square RMS) can be attained to the 
electrode which does not perform for example, chemical machinery polish for the piezo electronic ingredient layer 120, 
after depositing. The value of this RMS is a true average absolute value to the deflection from the average (the value of 
zero expresses a completely smooth front face) of zero, i.e., a difference. The value of this RMS is defined by the square 
root of the difference of a mean square (mean square) and average square (square of mean). In other words, it is the 
average by which the granularity to the media of the measured granularity was normalized. A crystal metal 
(crystallographic metal) (for example, c-Ti and aluminum) is deposited on a desirable thing to an electrode as the 
maximum texture is also in a single direction. For example, the electrode made from aluminum has parallel <1 1 1> 
bearings to the normal (substrate normal) of a substrate. Deposition of c-titanium generates the film of single bearing 
<002>. Since how this invention attains texture with a good piezo electronic layer does not depend on lattice matching, 
it is obtained by the sufficiently low rocking curve for piezo electronic layers (A1N) on the substrate which has the front 
face as for which silicon carried out termination on various front faces of surface roughness low enough, CMP oxide, c- 
titanium / aluminum, or other proper ingredients. Since the lattice parameter of silicon <100> and the lattice parameter 
of aluminum <1 1 1> are not adjusted to A1N, they can obtain a low rocking curve as it is also at A1N on Si. Or a low 
rocking curve can be obtained to A1N on aluminum. Also in case this invention chooses the ingredient used for it not 
only improving the quality of a piezo electronic layer, but manufacturing the resonator or other devices containing a 
piezo electronic film, it can make flexibility increase. 

[0015] Furthermore, the surface roughness from which this invention person etc. was obtained as a result of [ the ] the 
electrode (135 of drawing 1 ) found out being influenced by the lower layer, for example, the surface type voice of the 
auditory reflex field 125. For example, when the oxide of the criterion deposited by PVD is used, FWHM of the texture 
of aluminum obtained as a result is 1 1 degrees. However, FWHM is 4 degrees when a CMP oxide is used for the texture 
from which aluminum layer was obtained when depositing aluminum layer and the same conditions were applied. 
Although it has RMS surface roughness [ that CMP oxide is almost smooth automatically (for example, 3A or less) ], 
the surface roughness of the PVD oxide of the criterion of the layer of the last of a BURAGU stack is 45 to 60ARMS. If 
the value of RMS of the oxide layer of a BURAGU stack becomes low, the rocking curve of an electrode also becomes 
low and the same is said of the value of RMS of an electrode surface. To a metal electrode, better texture is generated 
rather than an oxide [ having deposited the ground oxide (with for example, CMP) BURAGU stack ] BURAGU stack. 
[0016] Drawing! is a flow chart Fig. showing the step showing the approach of this invention which forms the 
resonator structure which has improved the piezo electronic film. Blocks la, 2a, 3a, and 4 express one example of this 
invention, and block lb, 2b, and 3b and 4 express other examples. According to one example of this invention, the 1st 
step (block la) contains the step which deposits the TEKISUCHADO metal layer of c-titanium on the substrate (usually 
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substrate made from silicon) which has a sound reflecting layer like for example, a BURAGU stack on it. Preferably, 
th$ layer of the last of a BURAGU stack is ground at least, and a result best [ to the texture of a metal electrode ] is 
attained. As mentioned above, this invention person etc. found out that the texture of an electrode and a piezo electronic 
layer was influenced according to the quality of the layer of the last of a BURAGU stack. The barbershop application 
(Barber application) (an application number is notified later) currently continued to coincidence is indicating 
optimization of the approach of depositing a BURAGU stack layer (Si02 film being included), and a deposition 
process. 

[0017] The film on which it is single direction <002> and a rocking curve has the texture below 4.5 degrees (FWHM) 
by the collimated titanium (c-titanium) deposition was obtained. The thickness of a c-Ti layer is the range between 100 
to 1000 A, and is about 300A still more preferably. A desirable process can deposit this layer using a well-known 
deposition technique, although the rate of sedimentation is eight to 12 A/a second at about 250 degrees C and deposition 
temperature contains about 10A [/second ] sputter deposition still more preferably. 

[0018] FWHM of aluminum texture which the 2nd step (block 2a) of this typical approach had this at a sufficiently high 
deposition rate and substrate temperature in the vacuum including the step which deposits aluminum on a c-Ti layer, 
was performed, and was obtained as a result is 4.5 degrees or less, aluminum layer is little **** about other alloying 
elements like Cu. For example, aluminum-0.5% Cu of layer is suitable. A deposition parameter can be chosen based on 
this contractor's knowledge. Deposition temperature is 200 degrees C, the rate of sedimentation of a suitable parameter 
is 100 A/second, the thickness of aluminum layer is 200 to 2500A, and nominal thickness is 1200A. The after treatment 
on the front face of aluminum or pre-deposition is not necessarily required to attain TEKISUCHADO growth of A1N. 
[0019] After a laminated metal electrode accumulates, the 3rd step (block 3) contains the step which patternizes a metal 
electrode. An electrode is patternized using a standard-illuminant RISOGU rough process. If the 4th step (block 4) is 
applied, the piezo electronic ingredient layer 120 containing A1N will deposit on this patternized electrode. On the pars- 
basilaris-ossis-occipitalis electrode 135, DC reactive-sputtering process is used for the piezo electronic ingredient layer 
120, and sputter deposition is carried out. However, other deposition techniques can also be used. For example, Barber 
of coincidence continuation application rotated the magnetic magnetron and has indicated optimizing the process which 
deposits a piezo electronic film using a pulse-like DC power supply. 

[0020] The option which forms the resonator device of this invention is shown in block lb of drawin g 3 , 2b, and 3b and 
4. In this example, an electrode is formed from front not an electrode but single electrode material of a laminating mold 
of an example. The 1st step (block lb) deposits other metals which have a metal electrode material, for example, 
aluminum, or low surface electrical resistance on the substrate containing a BURAGU stack, or a sound film support 
layer (an example, SiN). The parameter of deposition is well-known to this contractor. The 2nd step (block 2b) contains 
the step which grinds the front face of an electrode layer until it becomes the figure of the minimum root mean square. 
This value is the range of three to 10 A, and is 7.5A or less more preferably. Like a front example, an electrode material 
is patternized with block 3, an A1N layer deposits it on the front face of this patternized metal electrode (block 4), and 
the TEKISUCHADO A1N film of that result max is obtained. Other deposition process parameters are indicated by the 
paper written by [ shown above ] Milleret al. 
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